appears that the cardiac function may be impaired in this condition.
Moreover, vitamin D deficiency is correlated with some cardiovascular risk factors and cardiovascular morbidity and mortality. 5, 6 Our knowledge regarding the effects of vitamin D deficiency on the deformation of the myocardium (as an index of the myocardial function) in various cardiac chambers is very limited; what we do know, however, is that vitamin D deficiency does not necessarily lead to the impairment of the functions of the cardiac chambers. 7, 8 In one of the two existing studies on the left ventricular (LV) myocardial deformation, only the systolic deformation of the LV myocardium was evaluated in diabetic patients, 7 while myocardial deformation in a diabetic metabolic milieu is different from that in a nondiabetic condition. In the other study, the effects of vitamin D administration were evaluated on the LV systolic deformation without comparing the results with those in a control group. 9 Two-dimensional speckle-tracking echocardiography (2DSTE) is an accepted imaging modality for the detection of subtle LV myocardial impairment 10 in various situations such as metabolic conditions (eg, liver disease), 11, 12 subclinical thyroid diseases, 13, 14 and blood glucose level control in diabetic patients. 15 Hypothesizing that the longitudinal deformation of the LV myocardium in systole and diastole is affected by vitamin D deficiency in nondiabetics, we drew upon 2DSTE to evaluate this index in nondiabetic subjects without significant epicardial coronary artery stenosis.
| ME THODS

| Study population
Between September 2017 and March 2018, a total of 98 consecutive subjects were included in our cross-sectional study. The patients were selected from among those admitted to our hospital for selective coronary angiography. The indication for coronary angiography was determined by the patients' own attending physicians and based on noninvasive evaluations. The inclusion criteria were LV ejection fractions equal to or more than 50% and sinus rhythms.
Patients were excluded if they had significant stenoses (>50%) in the epicardial coronary arteries, coronary artery ectasia, a history of percutaneous coronary interventions, cardiac surgery, permanent pacemakers, congenital heart diseases, acute coronary syndrome, myocardial infarction, pericardial disease, cardiomyopathy, any degree of valvular stenosis, more-than-mild degree valvular regurgitation, a history of cancer, liver disease, thyroid diseases, diabetes, creatinine of more than 1.3 mg/dL, inflammatory disease, use of vitamin D supplements, and poor echocardiography windows. One week before admission, venous samples were drawn for cell blood counting, lipid profiling, and biochemical analysis after 12 hours' fasting. The samples for vitamin D were obtained on the morning following angiography, after obtaining informed written contest from the whole study population for participation in the study. The vitamin D samples were kept at −70°C, and the samples were analyzed using a commercial kit (Roche Diagnostics GmbH, Mannheim, Germany) and the Elecsys 2010 analyzer via the electrochemiluminescence method at the end of the study. A 25-OH vitamin D serum value of <20 ng/mL was considered vitamin D deficiency. 16 The study population was comprised of 53 subjects without vitamin D deficiency and 45 subjects with vitamin D deficiency. The laboratory staff was blinded to the echocardiography results. The research proposal was approved by the institutional review board.
| Echocardiography
Echocardiography was done in the left lateral decubitus position, with 1-lead electrocardiography monitoring, by a single cardiologist highly experienced in echocardiography, on the morning after coronary angiography. The images and videos were obtained in a commercial echocardiography setting (Affinity 70C; Philips, Andover, MA) with S1-5 probes. In the parasternal long-axis view, the wall thickness, the systolic and diastolic internal diameters of the LV, and the left atrial diameter were measured. In the apical 4-chamber view, three consecutive cycles of the mitral inflow wave were obtained with pulsed-wave and the peak velocity of the early and late diastolic waves (E and A) and the deceleration time of the E wave were measured. The systolic and the early and late diastolic waves (s′, e′, and a′, respectively) of the septal and lateral mitral annuli were obtained in this view via pulsed-wave tissue Doppler imaging and their peak velocity was measured in three consecutive cycles. The averaged values of these Doppler-based measurements were reported. For the calculation of the E/e′ ratio, the averaged values of the septal and lateral e′ were used. All the measurements were done in accordance with the recommendations of the American Society of Echocardiography. 17, 18 For 2DSTE, three consecutive cardiac cycles from the apical 4-, 3-, and 2-chamber views in expiration were obtained at 42-56 frames per second and then stored. The aCMQ option of the QLAB 10.8.5 software (Philips) was used for deformation analysis.
Additionally, this option was employed for the calculation of the biplane LV ejection fraction in the apical 4-and 2-chamber views.
First, in the apical 3-chamber view, at the end of diastole, the operator placed three points (two points at the base of the LV and one point at the apex) and the endocardial and epicardial borders were traced automatically by the software. Adjustments, if required, were made by the operator. Next, the "Compute Option" was selected.
Each wall of the LV was segmented into three equal parts automatically, and then, the strain and strain rate curves for each part in addition to the global curves appeared. Subsequently, the frame where aortic valve closure occurred was determined. In this stage, the operator ensured that the endocardial and epicardial borders followed the traced lines and made corrections-if necessary-at end diastole and end systole. Thereafter, the endocardial layer option was selected and the "End-Systolic Strain Value Option" was chosen. 19 The strain curves had one dominant negative systolic peak and the strain rate curves had one negative systolic peak (SRS), one positive peak at early diastole (SRE), and one positive peak at late diastole (SRA).
The global end-systolic strain, the global SRS, the global SRE, and the global SRA in each of the three cardiac cycles and in each apical view were measured and their averaged values were reported. After several attempts, if more than one segment had noisy signals, the patient was excluded from the study. (Two patients were excluded for this reason.) For the evaluation of inter-and intraobserver variabilities, 1 month after the termination of the study, 15 echocardiographic studies were randomly selected. For the assessment of the interobserver variability, the operating cardiologist was blinded to the previous measurements; and for the evaluation of the intraobserver variability, another cardiologist-experienced in echocardiography and blinded to the previous results-independently measured the deformation parameters in separate sessions ( Figure 1 ).
| Statistical analysis
The categorical data were expressed as frequencies and percentages and compared using the chi-square test or the Fisher exact test, whichever was appropriate. The continuous data were demonstrated as means and standard deviations and compared using the Student t test-if normally distributed; otherwise, they were presented as medians and interquartile ranges and compared using the 
| RE SULTS
The demographic and laboratory data of the two study groups are depicted in Table 1 . There were no statistically significant differences between the subjects without and with vitamin D deficiency, except for the body surface area and vitamin D levels (P = 0.010 and P < 0.001, respectively). The echocardiographic findings are presented in Table 2 . In the standard echocardiography data, there was a statistically significant difference between the two groups regarding the interventricular septal thickness (P = 0.007), whereas the LV mass index was not statistically different between the groups (79.7 Table 3 .
| D ISCUSS I ON
In this cross-sectional study, we evaluated the global subendocardial longitudinal deformations of the LV myocardium via 2DSTE in subjects with and without vitamin D deficiency who had no significant epicardial coronary artery stenosis and found no statistically significant differences between the two groups.
The evidence regarding the evaluation of LV myocardial deformations is scarce. The authors reported that the absolute value of the longitudinal systolic strain in the vitamin D deficiency group was less than that in the patients without vitamin D deficiency and there were no statistically significant differences between the two groups concerning systolic strain in other dimensions. In that study, the two groups were different in terms of the body mass index and the duration of diabetes.
In addition, the presence or absence of coronary artery disease was justified only on the basis of the patients' history. In contrast, we recruited nondiabetic subjects without significant coronary stenosis as confirmed by selective coronary artery angiography and evaluated the systolic strain and the systolic and diastolic strain rates of the LV myocardium.
The metabolic milieu in diabetes is completely different from the nondiabetic milieu, and it has an impact on the LV myocardial deformations. Consequently, the effects of vitamin D on myocardial deformations may be dependent on the presence or absence of diabetes. This issue should be clarified in future research. What is F I G U R E 1 Speckle-tracking echocardiography of the left ventricle in apical 3-chamber view. (A) strain curve (B) strain rate curve. SRA = Late diastolic strain rate; SRE = Early diastolic strain rate; SRS = Systolic strain rate also worthy of note is that vitamin D induces pathological changes in the myocardium, 4 which are similar to pathological changes induced by diabetes. 20 Thus, the concomitant occurrence of these two conditions may lead to defects in myocardial deformation, which are detectable by 2DSTE. On the other hand, renin-angiotensin-aldosterone activation is seen in diabetes and vitamin D deficiency; this condition may result in myocardial dysfunction. 21, 22 Creatinine (mg/dL) 0.9 ± 0.2 0.9 ± 0.2 0.296
Hemoglobin (g/dL) 14.6 ± 1. There have been reports of pathological changes in the myocardium exerted by vitamin D deficiency. 4 On the other hand, the levels of some biomarkers that may be effective on the myocardial function are different in subjects with vitamin D deficiency. 28 Hence, the effects of these changes on the longitudinal deformation of the subendocardial myocardium in nondiabetics may prove too subtle for 2DSTE to detect. What should also be taken into account is that these changes and effects may be potentiated in a diabetic milieu.
This hypothesis should be assessed in further studies. For all the evidence in the existing literature concerning an association between heart failure and vitamin D deficiency, there has yet to be a report on a consistent association; be that as it may, some trials have suggested that vitamin D administration may be beneficial. 5 Another possibility worth entertaining is that vitamin D deficiency, rather than being the cause of heart failure, may be a consequence of it. 
| Study limitations
First and foremost among the limitations of the present study is that its cross-sectional design precluded us from establishing a causality cor- 
| CON CLUS IONS
The results of the present study revealed that the global longitudinal subendocardial deformations of the LV, including the systolic strain and the systolic and diastolic strain rates, as evaluated with 2DSTE
were not statistically significantly different between our nondiabetic subjects with and without vitamin D deficiency even after adjustment for possible confounding factors.
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